NON-CONTACT TYPE TOMOMETOR 
BACKGROUND OF THE INVENTION 
1- Field of the Invention 

The present invention relates to a non-contact type 
tonometer for jieasuring intraocular pressure of an examinee's 
eye by blowing compressed air (fluid) to defom a cornea of 
the eye and detecting a deformed state thereof* 

2* Description of Related Art 

intraocular pressure changes with time in synchronization 
with pulsation (pulse wave) of blood, ^en the lnt;raocular 
pressure is measured at random in time by a non-contact type 
tonometer, it is uncertain which point in variations in 
intraocular pressure is being measured. For example, if the 
number of times that measurement is executed is small, the 
lowest value in the variations in intraocular pressure may 
be measured even though the actual intraocular pressure is 
high. In the case of screening such as a mass examination, 
intraocular hypertension may be overlooked. For this reason # 
there has been proposed a non-contact type tonometer which 
measures intraocular pressure in the timing synchronized with 
a predetermined phase point (position) in pulsation while 
detecting the pulsation. 

As to which value in the variations in intraocular pressure 
is measured, in general, it depends on purposes of diagnosis ^ 
etc. When a contact--applanation-type tonometer is used for 
making evaluations of measurement results # it requires an average 
value of measurement results obtained at plural different points 
in the pulsation phase in addition to a measurement result 



at: an arbitrary point in the pulsation phase. The conventional 
non-contact type tonometer, however, could provide only the 
measurement result corresponding to the arbitrary point in 
the pulsation phase. 

It is said that such detection of the pulsation is preferably 
executed with respect to the forehead of an examinee because 
tlie pulsation in the forehead has the periods close to the 
periods of the intraocular pressure variations, when the 
pulsation is detected in the forehead^ however/ there may occuxr 
changes due to blinking or other reasons and reflective moveiaen'ts 
of the examinee's body by air blow* This results in difficulty 
in accurately detecting the pulsation* Moreover, there are 
some examinees whose pulse rate and blood pressure change as 
the ifteasureraent is started. This makes it more difficult to 
perfcrm measurement of accurate intraocular pressure. 

SOMMARY OF THE INVENTION 

The present invention has been made in view of the above 
circumstances and has an object to overcome the above problems 
and to provide a non-contact type tonometer capable of 
appropriately/ efficiently perform measurement of intraocular 
pressure based on pulsation. 

Additional objects and advantages of the invention will 
be set forth in part in the description which follows and in 
part will be obvious from the description, or may be learned 
by practice of the invention* The objects and advantages of 
the invention may be realized and attained by means of the 
instrumentalities and combinations particularly pointed out 



In the appended clains. 

To achieve the purpose of the invention, there Is provided 
a non-contact type tonometer including: fluid blowing means 
wliich blows fluid against a cornea of an eye of an examinee; 
intraocular pressure measurement means which detects a deformed 
state of the cornea caused by the blown fluid and determines 
intraocular pressure of the examinee's eye based on a result 
of detection of the deformed etate; pulsation detection means 
wnxch detects pulsation of the examinee; measurement timing 
determination means which can determine a measurement timing 
based on the detected pulsation to obtain a predetermined numbex: 
of results of measurement on the Intraocular pressure in 
synchronization with different phase points in the pulsation; 
cojoamand signal input means which inputs a command signal for 
execution of the measurement i and control means which outputs 
a control signal for controlling driving of the fluid blowing 
means based on the determined measurement timing and the input 
command signal. 

According to another aspect of the present invention, there 
is provided a non-contact type tonometer including: fluid blowing 
means which blows fluid against a cornea of an eye of an examinee y 
intraocular pressure measurement means which detects a deformed 
state of the cornea caused by the blown fluid and determines 
intraocular pressure of the examinee's eye based on a result 
of detection of the deformed state; pulsation detection means 
which detects pulsation of the examinee; measurement timing 
determination means which determines a measurement timing to 
obtain a predetermined number of results of measurement on 



th& intraocular pressure in synchronization with, an intended 
phase point in the pulsation, the determination means determining 
a measurement timing t>ased on a pulsation previously detected 
and sampled; command signal input means which input^s a command 
signal for execution of the measurement; and cont^rol ineans 
which outputs a control signal for controlling driving of the 
f l-aid blowing means based on the determined measurement timing 
and the input cominand signal. 

Furthermore, according to another aspect of the present: 
invention, there is provided a non-contact type tonometer 
Including s fluid blowing means which blows fluid against a cornea 
of an eye of an examinee; intraocular pressure mea8ur<^ent means 
which detects a deformed state of the cornea caused by the blown 
fluid and determines intraocular pressure of the examinee's 
eye based on a result of detection of the deformed state; first: 
pulsation detection means which detects pulsation in a first, 
position near an eyeball of the examinee; second pulsation 
detection means which detects pulsation in a second position 
different from the first position; pulsation phase shift 
detect ionmeans which obtains a phase shift between the pulsations 
detected by the first and second pulsation detection means 
respectively; measurement timing determination means which 
determines a measurement timing based on the obtained pulsation 
phase shift and a detection result by the second pulsation 
detection means; command signal input means which inputs a 
command signal for execution of measurement; and control means 
which outputs a control signal for controlling driving of the 
fluid blowing means based on the determined measurement timing 



an<S the input conanand signal* 

According to another aspect of the present invention, there 
is provided a non-contact type tonoic^eter including; fluid blowing 
means which blows fluid against a cornea of an eye of an examinee ; 
in'traocular pressure ffleasurement means wbicli detects a deformed 
stiate of the cornea caused by the blown fluid and determines 
intiraocular pressure based on a result of detection of the deformed 
st.ate; first pulsation detection means which detects pulsation 
in a first position near an eyeball of the examinee; second 
pulsation detection means which detects pulsation in a second 
position different from the first position; measurement timing 
determination means which determines a measurement timing based 
on the previously detected pulsation by the first pulsation 
detection means so that the intraocular pressure measurement 
is executed in synchronization with an intended phase point 
in the previously detected pulsation, and information means 
vhich informs that a period of the pulsation detected by the 
second pulsation detection means after determination of the 
measurement timing has changed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated in and 
constitute a part of this specification illvistrate an embodiment 
of the invention and, together with the description, serve 
to explain the objects, advantages and principles of the 
invention. 

In the drawings. 

Fig. 1 is schematic structural view of an air blowing 
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mechanism of a non-contact type tonometer viewed from side 
and a schematic block diagram of a control system of the tonometer 
in a first embodiment according to the present invention? 

Fig- 2 is a perspective view of the tonometer of J'ig. 1 j 

Pig. 3 is a schematic Structural view of an optical system 
viewed from above , disposed near the back of a nozzle of the 
air blowing mechanism ; 

Fig. 4 is an explanatory view showing a peak point, a bottom 
point r and an arbitrary point in a pulsation phase; 

Fig.. 5 is an explanatory view shoving pulsation and a 
measurement timing for intraocular pressure; 

Fig. 6 is an explanatory view showing a timing chart In 
t;he case of sequentially determining another measurement timingr 
In relation to a sampling time; 

Fig, 7 is an explanatory view showing a timing chart in 
the case of sequentially determining another measurement timln? 
in relation to a sampling time with satisfactory waveforms; 

Fig. 8 is an explanatory view showing a timing chart in 
the case of repeatedly measuring intraocular pressure in the 
timing corresponding to a peak point and a bottom point in 
the pulsation phase; 

Fig. 9 is an explanatory view showing an example of a display 
screen for displaying measurement results; 

Fig. 10 is a schematic structural view of an air blowing 
mechanism of a non-contact type tonometer viewed from side 
and a schematic block diagram of a control system of the tonometer 
in a second embodiment according to the present invention; 

Fig. 11 is a perspective view of the tonometer of Fig. 
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Fig* 12 is an explanatory view showing the pulsation detected, 
in a forehead and that in a finger and the measurement timing 
for intraocular pressure; and 

Fig* 13 is an explanatory view showing the measurement 
timing for intraocular pressure provided in the case where 
a pulsation period change. 

DETAILED DESCRIPTION OF THE PREFERRED gMBODTMENTS 
A detailed description of a preferred embodiment of a 
non-contact type tonometer embodying the present invention wixi 
now be given referring to the accompanying drawings. 

Fig. 1 is a schematic structural view of an air (fluid) 
blowing mechanism of the non-contact type tonometer viewed 
from side and a schematic blocjc diagram of a control system 
in a first embodiment- Fig. 2 is a perspective view of the 
tonometer of Fig - 1 . 

Numeral 1 is a cylinder for air compression, which is arranged 
inclined to a horizontal line of a main unit of the tonometexr^ 
Kumeral 2 is a piston and numeral 3 is a rotary solenoid* 
When this rotary solenoid 3 is supplied with electric charge 
(electric current* voltage) as driving energy r the piston 2 
is pushed up in the cylinder 1 by means of an arm 4 and a connecting 
rod 5. Air in an air compression chamber 11 communicating wit.h 
the cylinder 1 is compressed with a rise of the piston 2. The 
compressed air is then blown through a nozzle € against a cornea 
EC of an examinee's eye E. The rotary solenoid 3 is provided 
with an unillustrated coil spring. When supply of electric 
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cnarge as driving energy is stopped, the piston 2 Is moved 
down by an virging force of the coil spring in a downward direction 
and is returned to an initial position. 

Numeral 7 is a transparent glass plate which holds the 
nozzle 6 and allows light from an optical system 8 mentioned 
lat:er to pass therethrough. The glass plate 7 also serves as 
a side wall of the air compression chamber 11* Numeral 9 Is 
a t^ransparent glass plate disposed at the back of the nosale 
6 . This glass plate 9 constitutes a back wall of the chamber: 
11 and allows the light from the optical system 8 to pass 
•bUerethrough. The optical system 8 is disposed behind the glass 
plate 9. Numeral 12 is a pressure sensor which detects the 
pressure in the air compression chamber II* 

Numeral 20 is a control part. The following components 
are connected to this control part 20 s a pressure detection 
processing circuit 21 for the pressure sensor 12? a signal 
detection processing circuit 22 for a photodetector 56 of a 
corneal deformation detection optical system; a signal detection 
processing circuit 26 for a one-dimensional position detecting 
element 57 used for detection of a working distance; a signal 
detection processing circuit 27 for a CCD camera 35; a pulsation 
detection processing circuit 28 for a pulsation detector 18; 
a driving circuit 23 for driving the rotary solenoid 3; a memory 
24 for storing measurement data , control conditions of measurement: , 
etc. Numeral 25 is an input part which is provided with a switch 
25a for selecting a measurement mode and others. Numeral 25b 
Is a measurement start switch. 

The pulsation detector 18 for detecting pulsation pf an 



examinee is attached to a forehead rest 17 provided in a heaci 
support unit 16 for supporting the head (face) of the examinee, 
as ehown in Fig. 2. In the present embodijnent, the pulsation 
det:ector 18 is provided in the forehead rest 17 in order to 
ol^-tain substantially the same phase as the phase of pulsation 
in the eyeball • Alternatively, the pulsation detect:or 18 may 
be disposed in another position in contact with the examinee's 
face, for example, in a chinrest. It is also possible to detect: 
i:he pulsation in a portion other than the examinee's face. 
The pulsation detector 18 also serves as a judgement function 
t:o judge whether the examinee's face is in stable contact with 
the forehead rest 17. 

The pulsation detector 18 is constructed of a light emitting 
part and a light receiving part. The light emitting part is 
a light emitting diode (LED) which emits light having a narrow 
wavelength band in a near- infrared region corresponding to the 
absorption spectrum of hemoglobin in the blood. The light 
xeceiving part is a photodiode. The blood-hemoglobin has a 
strong absorption spectrum with respect to light in a 
predetermined wavelength band- The intensity of reflection 
light from a living body irradiated by the light In this wavelength 
band varies according to the quantity of hemoglobin which changes 
with a change in volume of a blood-vessel. Accordingly, thxs 
intensity of reflection light is converted to an electric signal , 
so that the pulsation can be detected* It is to be noted that 
the blood-hemoglobin has a wide absorption spectrum with respect 
to a visible wavelength region as well as the near-* infrared 
\9avelength region « Therefore, the light emitting part may he 
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constructed of a white MD or the like. In this case, the light 
receiving part is desired to have sensitivity to light in a 
wide wavelength band. For eatample, a photoconductive element 
(cell) is used. 

In Fig. 2, numeral 15 is a measurement unit which is 
internally provided with the air blowing mechanism and the 
optical system 8 mentioned later. This measurCTient unit 15 
is mounted on a movable carriage 14 which is horizontally moved 
on a fixed base 13* This horizontal movement of the movable 
carriage 14 is carried out by operation of a joystick 19. By 
operation of a rotary knob of the joystick 19, the measurement 
unit 15 is moved vertically with respect to the movable carriage 

14. 

Fig. 3 is a schematic structural view of the optical system 
8, viewed from above, disposed behind the nozzle 6. An image 
of the eye E illuminated by light from an infrared illumination 
light source 30 is formed on a CCD camera 35 via a beam splitter 
31, an objective lens 32, a beam splitter 33, and a filter 
34 in turn. The filter 3 4 has the property of allowing light 
of each of the light source 30 and a light source 40 for alignment 
to pass therethrough and of not allowing light of a light source 
50 for corneal deformation detection, which will be mentioned 
later, to pass therethrough. The image of the eye e formed 
on the camera 35 is displayed on a monitor 36. This allows 
an examiner to observe the eye E. 

The infrared light from the alignment light source ( infrared 
LED) 40 passes through a projection lens 41 and is reflected 
by the beam splitter 31 to be projected to the cornea Ec from 



the front. A corneal luminescent spot (Index image) formed 
on the top of the cornea Ec by projection is formed on the 
camera 35 via the beam splitter 31, the objective lens 32, 
the beam splitter 33, and the filter 34 ♦ This ijreiage is used 
for detection of an alignment state in a vertical and a hori2ontal 
directions - 

visible light from a fixation target 46 illuminated by 
light of a fixation target projecting light source (visible 
I.ED) 45 passes through a projection lens 47 and is reflected 
by the beam spl it ter 3 3 , and the 1 ight pas s es through the ob j set ive 
lens 32 and the beam splitter 31 toward the eye £• Thusi the 
examinee (the eyeE) can view the fixation target 46 • The examineir 
instructs the examinee to fix his eye on the fixation target: 
46 and performs measurement. 

Light from the corneal deformation detection light source 
(infrared LED) 50 is made into substantially parallel luminous 
flux through a collimator lens 51 and is projected to the cornea 
EC. The light reflected by the cornea Ec passes through a light 
receiving lens 52 and a filter 53 and is reflected by a beam 
splitter 54 . The light is then received by a photodetector 
56 via a pin-hole plate 55. The filter 53 has the property 
of allowing light of the light source 50 to pass therethroughi 
and of not allowing light of each of the light sources 30 and 
40 to pass therethrough. This corneal deformation detecting 
optical system is arranged so that the received light quantity 
by the photodetector 56 becomes the maximum when the cornea 
EC is deformed into a predetermined deformed state ( an applanation 
state) . 
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This corneal deformation detecting optical system also 
serves as part of a working distance detecting optical system, 
whereby the light from the light source 50 forms a virtual 
image of the light source 50 as an index image on the cornea 
EC- The light of this index ijiiage passes through the light 
receiving lens 52, the filter 53, and the beam splitter 54, 
and is made incident to the one-^dimensional position detecting 
element 57 such ae a PSD, a line sensor, or the like. When 
the eye E {the cornea Ec) is moved in the working distance, 
the incident position of the light of the Index image by the 
light source 50 is moved on the position detecting element 
57- Consequently, the control part 20 can obtain information 
on the working distance based on an output signal of the position 
detecting element 57 » 

Next, the operation of the non-contact type tonometer having 
the above structure will be explained. 

The examiner selects first a measurement mode with the 
switch 25a to determine at which phase point in a pulsation 
period the measurement is executed correspondingly- For thxs 
measurement mode, as shown in Fig. 4, the following four modes 
are prepared: a first mode of measuring intraocular pressure 
in correspondence with peak point P in the pulsation phase; 
a second mode of measuring in correspondence with bottom point 
B in the pulsation phase; a third laode of measuring in 
correspondence with an arbitrary point N in the pulsation phase • 
and a fourth mode of measuring a predetermined number of times 
in correspondence with the peak point P and the bottom point 
B respectively (for example, two times each). The arbitrary 
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poxnt » can be set with a switch on the input part 25 in sacli 
a way to determine what percentage of the height of amplitude 
or what percentage of one period, in the mode of measuring 
a predetermined number of times in correspondence with the 
peak point P and the bottom point B respectively, an average 
value is automatically calculated from the value jneasured In 
correspondence with each point . This average value Is effective 
for evaluations of values measured by a Goldmann tonometer 
of a contact-applanation type* 

Subsequently, the examiner instructs the examinee to put; 
his forehead into contact with the forehead rest 17. The 
pulfidtion of the examinee is thus detected by the pulsation 
detector 18 attached to the forehead rest 17. The pulsation 
detector 18 transmits the pulsation of the examinee in the 
form of an electric signal to the pulsation detection processing 
circuit 28, A pulsation waveform s ignal detected by this circuit 
28 is input to the control part 20, The control part 20 samples 
the pulsation waveform signal for a preset sampling time Ts 
as shown in Fig. 5. This sampling time Ts is set to acquire 
a pulsation waveform signal for a predetermined time ( for exan^le^ 
five seconds) or for a predetermined number of pulsation periods 
(even one period is sufficient, and three or more periods are 
more preferable). During this sampling time Ts, the examinee 
is requested to keep still in order to obtain a stable pulsation 
waveform signal. Obtaining the stable pulsation waveformsignal , 
the control part 20 determines, from the sampling data, a phase 
and a period of a subsequent pulsation. The phase and period 
of the pulsation is preferably determined by average of pulsation 
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waveforms stably sampled. Thereafter, the control part 20 
detiermines a periodic timing of measnring Intraocular pressure • 
I f the pulsation can not be detected by the pulsation detector 
18/ it is found that the forehead of the examinee is in insufficient 
contact with the forehead rest 17 and the fixing st:ate of the 
face is unstable. At this time , the monitor 36 may be controlled 
to display a message to the effect that the face is not supported 
stably in order to inform thereof the examiner. The message 
also may be informed by voice sound* 

f'ig. 5 shows an example of a mode of examining Intraoculaz: 
pressure in correspondence with the peak point P xn tihe pulsation 
phase. 51 is a timing of the peak point: P in t:he pulsation 
phase which is expected after the sampling time Ts. S2 is a 
timing of execution of intraocular pressure measurement to 
output a signal S3 for driving the solenoid 3. This measurement: 
timing S2 is determined as a timing shifted back from the timing 
SI by an applanation detection time Tapl required from output: 
of the solenoid driving signal S3 to applanation of the cornea 
Ec by the blowing of compressed air (namely, until an applanation 
signal Q outputted from the photodetector 56 becomes peak). 
The measurement timing 52 is repeated at intervals of a pulsation 
period Ta. 

The applanation detection time Tapl is explained below. 
The time needed from the output of the solenoid driving signal 
S3 until the applanation signal Q becomes peak varies according 
to the intraocular pressure of the examinee's eye and the rising 
edge of blowing pressure of the compressed air. The rising 
edge of blowing pressure after output of the solenoid driving 
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sigtial S3 can be obtained in advance* Accordingly, if an 
inti^aocular pressure value of the examinee ' s eye can be predicted , 
the applanation detection time Tapl can also be estimated. 
In the case where second and subsequent measurements are per f ormecl 
wit:li respect to the same examinee's eye, in each measurement, 
the intraocular pressure value obtained in the preceding 
measurement is set as a predicted value and the applanation 
detection time Tapl then calculated by the control part 20 
is used in the next following measurement » In this way, in 
each of the second and subsequent measurements, the applanation 
detection time Tapl determined in the Immediately preceding 
measurement (or the earlier measurement) is used to determine 
the measurement timing S2, Thus, the peak of the pulsation 
waveform and the peak of the applanation signal Q will easily 
coincide, in the first measurement, the applanatiion detection 
time Tapl is set with the use of an average intraocular pressure 
value* In addition, if the intraocular pressure of the 
examinee' s eye can be predicted to some extent, the corresponding 
ijottxaocular pressure value may be input through the input part 
25 to set the applanation detection time Tapl. 

After determination of the measurement timing S2 from the 
s angling data on the pulsation, the control part 20 causes 
the monitor 36 to display to that effect and puts the apparatus 
into an intraocular pressure measurement enabled state- The 
examiner manipulates the joystick 19 in accordance with the 
alignment information displayed on the monitor 36 to move the 
measurement unit 15 for alignment. The alignment in the vertical 
and horizontal directions is made so that the index image (i.e» , 
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the corneal luminescent spot) formed by the light of the light: 
source 40 is brought in a predetermined relation with an 
unillustrated reticle displayed on the monitor 36. The 
alignment in the working distance direction is performed in 
accordance with a working distance mark displayed on the monitor- 
36 based on the working distance information provided from 
the position detecting element 57 . The details of this alignment 
is referred to U . s • Patent no.5^502,521 corresponding to Japanese 
patent unexamined Publication No. 7-23 907 filed by the same 
applicant as that^ of nhe present invention. Alternatively, 
the alignment may be conducted by automatically moving the 
measurement unit 15 based on the detection information on those 
alignment index images . 

The control part 20 obtains an alignment completion signal 
R when the index image by the light source 40^ detected by 
the camera 35, and the index image by the light source 50 , 
detected by the position detecting element 57^ come in a 
predetermined acceptable range, respectively, upon receipt 
of the alignment completion signal which act.8 as a command 
signal for execution of measurement, the control part 20 outputs 
the solenoid driving signal 3 in synchroni2atlon with the 
measurement timing S2 immediately after the coimiiand signal. 
That is, the control part 20 causes the driving circuit 23 
to supply electric charge as driving energy to the rotajry solenoxd 
3. The rotary solenoid 3 is thus actuated. It is to be noted 
that in the case where measurement is manually carried out 
without use of the alignment completion signal R, the control 
part 20 outputs the solenoid driving signal 3 in Synchronization 
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wlt:h the measurement tljnlng S2 Immediately after a trigger 
signal from the switch 25b is input. 

The actuated rotary solenoid 3 causes the piston 2 to rise, 
compressing the air in the air compression chamber 11, then 
blowing the compressed air from the nozzle 6 against the corned 
EC- The cornea Ec is gradually deformed by the compressed aijr 
blown thereto • When the cornea Ec comes into a flat state, 
the quantity of Incident light to the photodetector 56 becomes 
the maximum. The output signal from the photodetector 56 and 
the output signal from the pressure sensor 12 are sequentially 
processed and input to the control part 20, with reference 
to the time when the applanation signal Q outputted from the 
photodetector 56 shows a peak, the control part 20 calculates 
an average value of pressure Pr obtained in a predetermined 
time width including times before and after the peak, thereby 
determining an intraocular pressure value. 

In second and subsequent measurements which are 
sequentially performed^ output of the solenoid driving signal 
S3 is allowed after a lapse of both the time needed for charging 
electric charge to drive the solenoid 3 and the time for taking 
air in the cylinder 1, 

As mentioned above, the step of detecting pulsation and 
the step of measuring intraocular pressure are separated and, 
based on the pulsation previously detected in a still state 
of the examinee r the periodic measurement timing corresponding 
to the subsequent pulsation of the examinee is determined* 
Even if the pulsation can not be detected because the examinee 
blinks during measurement or ref lexively moves his body during 
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repetitive measurements, accordingly, the intraocular pressure 
measurement at an intended pulsation phase point can be smoothly 
executed. To be more specific, the measurement tijuing 
corresponding to any pulsation of the examinee indicated by 
5 a dotted line in Fig. 5 is determined based on the sampling 
o£ previous pulsation (for example^ which occurred earlier 
than the immediately preceding pulsation). Thus, even if the 
pulsation of the examinee indicated by the dotted line can 
not be detected, the measurement timing corresponding to the 
10 undetected pulsation can be determined. 
. . The measurement timing S2 is nojcmally determined as above. 

[3 It is more preferable to successively sample pulsation and 

3 equentially renew the measurement timing S2 . mien no pulsation 
can be detected during sampling, the measurement timing S2 
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,|2 15 is determined based on the pulsation detected in the previous 
sampling. For example, as shown in Fig. 6, samplings are repeated 
at intervals of a sampling time of 5 seconds and the measiirement: 
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111 timing S2 is determined in each sampling. When pulsation ifi 

PI not stably obtained during current sampling, the preceding 

|tJ 20 determined measurement timing S2 is used as it is. 

As shown in Pig . 7 , it may be arranged to renew the measurement: 
timing S2 at the time when an appropriate waveform is acquired 
during continuous sampling. Also in this case, the previously 
determined measurement timing S2 can be used even when pulsation 
25 can not be detected during sampling- This makes it possible 
to smoothly perform measurement . When the appropriate waveform 
is obtained, the measurement timing S2 is sequentially renewed - 
This can reduce synchronization shift of the pulsation which 
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may occur in association with a lapse of time. As a result 
of this, the accuracy can be enhanced. 

The above matter shows that, if the sampling time Ts is 
set to one period of the pulsation/ the measurement timing 
S2 is determined based on the period and phase of the pulsation 
whenever one pulsation waveform is detected. When no pulsation 
can be detected, on the other hand, the preceding measurement 
timing S2 is periodically repeated. To be more specific, based 
on the pulsation previously detected in a still state of the 
examinee, a periodic measurement timing S2 (for example, two 
or loore timings) corresponding to the pulsation of the examinee 
which occurs after the previously detected pulsation is 
determined . 

Next/ explanation is made on the case where the mode of 
measuring a predetermined number of times in correspondence 
with the peak point P and the bottom point B in the pulsation 
phase respectively. In this mode, with respect to the same 
examinee's eye,, the intraocular pressure thereof is 
automatically measured two times each in correspondence witn 
the peak point and the bottom point in the pulsation phase. 

AS shown in Fig, 8/ the control part 2Q determines the 
phase and the period of the pulsation from the sampling data 
and calculates a measurement timing S2p corresponding to the 
peak point P in the pulsation phase and a measurement timing 
S2b corresponding to the bottom point B in the pulsation pbas^ 
so that each timing is shifted back from each point by the 
applanation detection time Tapl in the same manner as mentioned 
above. The two measurement timings (timing patterns) S2p andL 
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S2b are determined respectively, sequentially in correspondence 
with the period of pulsation. 

Upon receipt of the alignment completion signal r after 
the sampling of pulsation, the control part 20 outputs the 
solenoid driving signal S3 in synchronizationwith either earlier 
one of the subsequent measurement timings S2p and S2b, in Fig* 

after receipt of the alignment conqpletion signal the 
measurement timing S2b corresponding to the bottom point B 
comes first, and then the measurement timing S2p corresponding 
to the peak point F comes, in this case, the measurement timing 
S2b is earlier than the other timing S2p and therefore a first 
measurement result corresponds to the bottom point B . Afterward , 
the measurement in the measur^ent timing S2p corresponding 
to the peak point P can not be performed immediately after 
the previous measurement relative to the bottom point B. This 
is because the charging time for charging electric charge for 
driving the solenoid 3 and the intake time for taking air i.n 
the cylinder 1 are needed. After the blowing of the compressea 
air is allowed/ the alignment completion signal R is obtained 
again« Then^ if the measurement timing S2p comes earlier, tbe 
solenoid driving signal S3 is outputted in synchronization 
with this timing. This measurement result corresponds to the 
peak point P. 

In the above manner # the control part 20 controls the order 
of measur^ent so that the measurement is executed in 
synchronization wi^h the measurement timing S2p or S2b, whichever 
is earlier f and two measurement resul-ts are obtained in 
correspondence with each point. If two results at the peak 



point P are obtained first in relation to an input timing of 
1:he alignment completion signal "R, then the order of measurement: 
jLs controlled to obtain two results at the bottom point B« 
WHen the measurement is performed two times each in correspondence 
with the peak point P and the bottom point B, an average value 
thereof is automatically calculated. 

The measurement results are displayed on the monitor 3 6 
whenever the measurement is executed, in addition, when 
respective two resulte are obtained, a message informing the 
completion of measurement is displayed on the monitor 36. Fig. 
9 shows an example of a display screen of the monitor 36 in 
•this stage * Numeral dO is the message indicating the measuremenli 
completion . m the screen , below the message 8 0 , the measuremen-t 
results are individually displayed. In the example shown in 
Fig* 9/ the measurement results corresponding to the peak point: 
p in the pulsation phase are displayed on the right of an indication 
"P" on the screen and the measurement results corresponding 
to the bottom point B are displayed on the right of an indication 
''B". On the right of an indication ''av" on the screen, an average 
value determined by calculation is displayed- In the case where 
the results are printed out by a printer , similarly, they ajce 
outputted in a classified condition to show to which point 
the result corresponds. A similar manner is applied to the 
case where the data is outputted in an external computer. Xn 
this case, the displayed indications ''P" and "B" show in which 
timing of the previously determined timings the measurement 
was executed. 

Next, a second embodiment of the present invention will 
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be explained with reference to the drawings* Fig* 10 ie a 
schematic structural view of an air (fluid) blowing iQechanism 
of a non-contact type tonometer viewed from side and a schematic 
block diagram of a control system in the second embodiment. 

Fig* 11 is a perspective view of the tonometer of Fig. 10. 

I^ike elements in this embodiment to those in the first embodiment 
aire given like numerals. 

Numeral 60 is a second pulsation detector capable of 
detecting pulsation of an examinee by pinching the examinee's 
finger* This detector 60 is attached to an end of a cable provided 
extending from the movable carriage 14. The detector 60 has 
the same structure as that of the pulsation detector 18, A 
pulsation detection processing circuit for the pulsation 
detector 60 is connected to the control part 20. 

The operation of the non--contact type tonometer having 
-the above structure will be explained below. 

An examiner attaches the pulsation detector 60 to the 
examinee's finger to detect the pulsation in the finger* The 
examiner then instructs the examinee to put his forehead into 
contact with the forehead rest 17 to detect the pulsation ±n 
the forehead by the pulsation detector 18, The pulsation 
detector 18 converts the pulsation into an electric signal 
and transmits to the pulsation detection processing circuit 
28 . Similarly, the pulsation detector 60 converts the pulsation 
Into an electric signal and transmits to the pulsation detection 
processing circuit 29 . Each pulsation waveform signal detected 
by the pulsation detection processing circuits 28 and 29 is 
input to the control part 20- 
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The control part 20 samples the waveform signal 
representative of pulsation in the forehead for the sampling 
time Ts, as shown in Fig. 12. On the other hand, the controX 
part 20 successively samples the waveform signal representativ^e 
of pulsation in the finger. 

Based on the sampling data from the pulsation detector 
18 and that from the pulsation detector 60, the control pas-t: 
20 determines a pulsation phase shift (difference) At 
therebetween. It is to be noted that the finger Is farther 
than the forehead from the heart and therefore the pulsation 
phase in the finger tends to lag behind that in the forehead . 
For this reason, the pulsation phase shift At is determined 
as a deviation (difference) between the finger pulsation and 
the forehead pulsation occurring after one heartbeat. Based 
on the determined pulsation phase shift At and the pulsation 
detected from the finger/ the control part 20 determines the 
timing of intraocular pressure measurement with reference to 
the pulsation phase points in the forehead. In the present 
embodiment, explanation is made assuming that the measurement; 
is executed in synchronization with the peak point in the 
pulsation phase in the forehead* 

The control part 20 determines the timing of intraocular 
pressure measurement in the following manner. In Fig. 12, Slh 
is a timing of the peak point in the pulsation phase in the 
forehead. This timing is determined as a timing later than 
the peak point in the pulsation phase detected in the finger 
by the pulsation phase shift At. S2 is a timing of intraocular 
pressure measurement to output the signal S3 for driving the 
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solenoid 3 . This measurement timing S2 is determined as atiming 
shifted back from the timing Slh by the applanation detection 
time Tapl* In other words, the measurCTient timing S2 ie 
calculated by the following expression; 

Pulsation phase shift At - Applanation detection time TapX 

= Measurement timing after time Tr. 
The timing S2 thus becomes the measurement timing after a lapse 
of time Tr from the peak point in the pulsation phase detected 
in ^he finger. 

when the peak point in the pulsation phase in the finger- 
are detected sequentially by the pulsation detector 60, the 
control part 20 determines the measurement timing S2 ae above . 
Upon receipt of the alignment completion signal Rr which ac^s 
as a command signal for execution of measurement, t:he control 
part 20 outputs the solenoid driving signal S3 in synchronisation 
with the measurement timing S2 coming immediately after the 
command signal r thus executing measurement. 

In the above described case, the subsequent pulsation 
periods are unchanged {be in an acceptable range) with respect 
to the sampling of the pulsation from the forehead* When the 
pulsation periods change, alternatively, the control part 2 0 
corrects the measurCTient timing S2 in the following manner. 

Assuming that the pulsation period Ta in the first detection 
changes to another period Ta' during measurement as shown ±n 

Fig- 13/ the pulsation phase shift At' occurring at this time 
is obtained by the expression; 

At* ^ Ta' -(Ta - At) 
where the traveling rate of a pulse wave is supposed to be 
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conS'tant. 

When the pulsation phase shift At' in the pulsation period 
Ta ' is determined, the measurement timing S2 after correction 
is calculated by the following expression in the same way as 
above; 

pulsation phase shift At' - Applanation detection time !Papl 
= Time Tr ' . 

It is to be noted that there may be a case where the blood 
pressure rises as the heart rate increases by normal physiological 
reaction. It is considered that the rise of the blood pressure 
also causes velocity of pulse conduction to increase. In such 
the case, the phase difference becomes shorter. Accordingly^ 
the measurement timing 52 may be corrected by insertion of 
a coefficient, for example, (Ta'/Ta), in the above expression, 
in general , it is corrected by any function expressed as follows - 
At' « f(Ta, Ta', At). 
In the above explanation, when the pulsation period Ta 
has changed, the measurement timing S2 is determined from the 
pulsation detection result from the pulsation detector €0. 
Alternatively, it may be arranged to simply inform that the 
pulsation period detected by the pulsation detector 60 has 
changed, without determination of the pulsation phase shift 
At. This example is explained below. 

In this escample, at first, the timing of the peak point 
in the estimated pulsation phase in the finger after the sampling 
time a?s is determined from the sampling data obtained by the 
pulsation detector 18. The measurement timing 32 is found, 
as in the above case, as the timing shifted back from the peak 
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point in the pulsation pbase by the applanation detection time 
Tapl* The measurement tiiming S2 in this example is determined 
from the detection result by the pulsation detector 18 and 
is repeated at intervals of the pulsation period Ta- 

The measurement of intraocular pressure is enabled after- 
determination of the measurement timing S2. upon receipt odE 
the alignment completion signal R, the control part. 20 outputs 
t:he solenoid driving signal S3 to execute the measurement, 
in the measurement-enabled state, the pulsation detector 60 
monitors changes in pulsation. When the period of pulsation 
(heart rate) detected by the detector 60 deviates from a 
predetermined acceptable value r the control part 20 causes 
the monitor 36 to display to that effect and sounds an 
unillustrated alarm to inform the examiner. After that, the 
mode of sampling pulsation from the detector 18 for the time 
Ts is established again, A new measurement timing S2 is then 
determined based on the pulsation detected by the detector 
ie« The measurement of intraocular pressure is thus enabled- 
If the measurement is executed after the change in the pulsation 
period Ta is detected, a message that the data obtained by 
the measurraient is lacking in reliability may be displayed 
along with a measured value » 

As explained above, according to the present invention, 
the measurement of intraocular pressure based on pulsation 
can be efficiently, appropriately executed. 

While the presently preferred embodiment of the present 
invention has been shown and described, it is to be understood 
that this disclosure is for the purpose of illustration and 
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iitaati various changes and modifications may be made without 
departing from the scope of the Invention as set forth in tlie 
appended claims. 



